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a-Chloro-a,b-unsaturated esters (a-chloroacrylates) are impor-
tant intermediates and attractive starting materials for the syn-
thesis of natural products and pharmaceuticals (Cho et al.,
1993; Grote et al., 1988; Omura et al., 1983). Among many
methods developed for the preparation of a-chloro-a,b-unsat-
urated esters (Forti et al., 1995; Kruper and Emmons, 1995;
Alami et al., 1995; Buschmann and Schafer, 1994; Satoh
et al., 1992; Ishihara et al., 1998; Barma et al., 2003; Concello´n
et al., 2004), the Wittig/Horner-Emmons/Peterson-type con-
densation (Chan and Moreland, 1978; Karrenbrock and
Schaefer, 1979; Villieras et al., 1978; Braun et al., 1998; Huang
et al., 1996; Zapata and Ferrer, 1986; Tago, et al., 1998) are4675894.
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y (2013), http://dx.doi.org/10.1important for this purpose. Recently, we described the ﬁrst
general method for the preparation of (Z)-a-iodo-a,b-unsatu-
rated esters (Karama, 2010) and of a-bromo-a,b-unsaturated
esters (Karama et al., 2010) by one-pot halogenation/oxida-
tion/Wittig sequences from activated alcohols such as aro-
matic, allylic, and propargylic alcohols using manganese
dioxide as an oxidant. This method avoids the most common
problems associated with the handling of the intermediate
aldehydes, which are often difﬁcult to isolate due to their vol-
atility, toxicity, penchant to polymerize or facile hydration,
oxidation, and unsuitable for use as substrates.
2. Experimental
IR spectra were obtained on a Perkin-Elmer 883 spectropho-
tometer and are expressed in cm1. NMR spectra were re-
corded on a JEOL ECP 400 (400 MHz) in CDCl3, chemical
shifts are expressed as d in, and coupling constants (J) are gi-
ven in Hertz. High resolution ESI mass spectra were deter-
mined on a QT of premier (waters) by direct injection of the
sample (10 lg/mL in methanol) (Table 1, Scheme 1).ing Saud University.
ot synthesis of (Z)-a-chloro-a,b-unsaturated esters from alco-
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Table 1 One-pot synthesis of (Z)-a-chloro-a,b-unsaturated esters.
Entry R Product Yield (%)a Z:Eb
1 3a 52 100:0
2 3b 63 100:0
3
O
3c 50 100:0
4 3d 85 85:15
5
C C
3e 60 90:10
6
CH3CH2 C C 3f 86 81:19
7 3g 81 87:13
8 3h 66 89:11
a Yields were based on alcohols.
b This ratio was determined by 1H-NMR spectroscopy.
1
NCS, CH2Cl2, SO3.Py
DMSO, TEA, RT
2
3
Ph3P CH COOEt + RCH2OH
COOEt
R Cl
Scheme 1
2 U. Karama et al.2.1. General procedure for the synthesis of (Z)-a-Chloro-a,b-
unsaturated esters
N-chlorosuccinimide (1.5 mmol) was added to a solution of
(ethoxycarbonylmethylene)-triphenylphosphorane (1.5 mmol)
in 10 mL of CH2Cl2. After 5 min, the alcohol (1 mmol) in
1 mL of CH2Cl2 was added followed by SO3.Pyridine
(3 mmol), 0.8 mL of DMSO, 1.4 mL of Et3N and the mixture
was stirred for 12 h at room temperature. The reaction mixture
was poured into 5% HCl (5 ml) and extracted with CH2Cl2
(10 ml). The combined organic phases were washed with water
and brine, dried over MgSO4 and concentrated in vacuum to
ca. 1–2 ml. The residue was puriﬁed by column chromatogra-
phy on silica gel (petroleum ether-ethyl acetate 15:1).
2.1.1. (Z)-Ethyl-2-chloro-3-phenylpropenoate31 (3a)
Yellow oil, 1H NMR (CDCl3, 400 MHz): d= 1.38 (t,
J= 7.32 Hz, 3H), 4.36 (q, J= 7.32 Hz, 2H), 7.35–7.85Please cite this article in press as: Karama, U. et al., A facile one-p
hols. Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1(m, 5H aromatic), 7.90 (s, 1H). 13C-NMR: d= 14.4, 62.6,
122.2, 128.6, 130.2, 130.7, 133, 136.9, 163.4. IR
(tmax) = 3028, 2983, 1725, 1638, 1617, 1493, 1447, 1367,
1263, 1199. MS (m/z) (%): 235 [M+Na++ 2] (54), 233
[M+ Na+] (100), 207 (36), 199 (25), 183 (19), 165 (27).
HRMS calcd. for C11H11O2ClNa: 233.0345, found:
233.0349.
2.1.2. (2Z,4E)-Ethyl-2-chloro-5-phenylpenta-2,4-dienoate32
(3b)
Yellow oil, 1H NMR (CDCl3, 400 MHz): d= 1.33 (t,
J= 7.36 Hz, 3H), 4.32 (q, J= 7.32 Hz, 2H), 6.88–7.02–7.20
(m, 2H), 7.30–7.53 (m, 5H aromatic), 4.32 (d, J= 11.00 Hz,
1H). 13C-NMR: d= 14.4, 60.4, 122.7, 127.6, 128.9, 129.1,
136.1, 140.4, 142.0, 144.6, 163.0. IR (tmax) = 2958, 2924,
1707, 1616, 1261, 1047. MS (m/z) (%): 239 [M+ H+ + 2]
(38), 237 [M+ H+] (100), 209 (98), 173 (53). HRMS calcd.
for C13H14O2Cl: 237.0682, found: 237.0686.ot synthesis of (Z)-a-chloro-a,b-unsaturated esters from alco-
016/j.arabjc.2013.05.011
A facile one-pot synthesis of (Z)-a-chloro-a,b-unsaturated esters from alcohols 32.1.3. (Z)-Ethyl-3-(furan-2-yl)-2-chloro-3-propenoate33 (3c)
Yellow oil, 1H NMR (CDCl3, 400 MHz): d= 1.36 (t,
J= 6.60 Hz, 3H), 4.31 (q, J= 6.60 Hz, 2H), 6.57 (m, 1H),
7.28 (d, J= 2.92 Hz, 1H), 7.47 (d, J= 4.40 Hz, 1H), 7.82 (s,
1H). 13C-NMR: d= 14.3, 62.5, 62.5, 112.5, 116.8, 125.4,
144.7, 149.3, 163.1. IR (tmax) = 2926, 1726, 1620, 1471,
1259, 1045, .MS (m/z) (%): 225 [M+ Na++ 2] (46), 223
[M+ Na+] (100), 203 (12), 201 [M+] (30), 175. (28), 173
(56), 157 (30), 155 (81). HRMS calcd. for C9H9O3ClNa:
223.0138, found: 223.0135.
2.1.4. (2Z,4E)-Ethyl-2-chlorohepta-2,4-dienoate (3d)
Yellow oil, 1H NMR (CDCl3, 400 MHz): d= 1.07 (t,
J= 7.32 Hz, 3H), 1.35 (t, J= 6.60 Hz, 3H), 2.25 (q,
J= 7.32 Hz, 2H), 4.29 (q, J= 7.32 Hz, 2H), 6.28–6.50 (m,
2H), 7.40 (d, J= 10.28 Hz, 1H). 13C-NMR: d= 1.1, 12.8,
14.3, 26.6, 29.7, 62.1, 124.5, 138.1, 148.3. IR (tmax) = 2964,
1729, 1635, 1262.07, 1098, 1029. MS (m/z) (%): 213
[M+ Na++ 2] (38), 211 [M+Na+] (21), 189 [M+ H+]
(100), 177 (56), 148 (51). HRMS calcd. for C9H14O2Cl:
189.0682, found: 189.0688.
2.1.5. (2Z)-Ethyl-2-chloro-5-phenylpent-2-ene-4-ynoate33 (3e)
Yellow oil, 1H NMR (CDCl3, 400 MHz): d= 1.37 (t,
J= 7.32 Hz, 3H), 4.30 (q, J= 6.60 Hz, 2H), 7.19 (s, 1H),
7.35–7.53 (m, 5H aromatic). 13C-NMR: d= 14.2, 60.8, 62.7,
78.8, 77.1, 84.5, 105.1, 119.9, 120.1, 122.1, 128.5, 129.4,
129.7, 132.1, 162.1. IR (tmax) = 2981, 2927, 2196, 1728,
1602, 1273, 1053. MS (m/z) (%): 237 [M+H++ 2] (15),
235 [M+ H+] (40), 207 (100), 173 (22), 149 (62). HRMS
calcd. for C13H12O2Cl: 235.0526, found: 235.0527.
2.1.6. (Z)-Ethyl-2-chlorohept-2-en-4-ynoate (3f)
Yellow oil, 1H NMR (CDCl3, 400 MHz): d= 1.21 (t,
J= 7.32 Hz, 3H), 1.31 (t, J= 7.32 Hz, 3H), 2.45 (qd,
J= 7.32 Hz, J= 2.2 Hz, 2H), 4.28 (q, J= 7.32 Hz, 2H),
7.25 (s, 1H). 13C-NMR: d= 1.1, 13.4, 13.9, 14.18, 60.6, 62.6,
75.4, 109.2, 120.9, 126.1, 129.3, 131.4, 162.2. IR (tmax) = 2963,
2218, 1733, 1597, 1261, 1095. MS (m/z) (%): 211
[M+ Na++ 2] (26), 209 [M+ Na+] (61), 183 (100), 175
(32), 157 (30), 159 (30). HRMS calcd. for C9H11O2ClNa:
209.0345, found: 209.0343.
2.1.7. (Z)-Ethyl-2-chloronon-2-enoate34 (3g)
Yellow oil, 1H NMR (CDCl3, 400 MHz): d= 0.86 (t,
J= 2.2 Hz, 3H), 1.32 (t, J= 7.32 Hz, 3H), 2.12–2.35 (m,
10H), 4.22 (d, J= 7.32 Hz, 2H), 7.25 (s, 1H). 13C-NMR:
d= 1.1, 14.1, 22.5, 27.7, 28.8, 29.1, 29.5, 31.6, 62.1, 68.2,
76.7, 77.1, 124.7, 142.5, 149.5, 162.6, 166.8. IR (tmax) = 2929,
1720, 1635, 1263, 1047. MS (m/z) (%): 243 [M+Na+ + 2]
(48), 241 [M+ Na+] (100), 219 (9), 215 (23), 161 (16). HRMS
calcd. for C11H19O2ClNa: 241.0971, found: 241.0966.
2.1.8. (Z)-Ethyl-2-chloro-5,9-dimethyldeca-2,8-dienoate (3h)
Yellow oil, 1H-NMR (CDCl3, 400 MHz): d= 0.92 (d,
J= 6.6 Hz, 3H), 1.21–1.31 (m, 2H), 1.35 (t, J= 7.3 Hz, 3H),
1.58 (s, 3H), 1.66 (s, 3H), 1.94–2.00 (m, 3H), 2.20–2.34 (m,
2H), 4.25 (q, J= 7.3 Hz, 2H), 5.07 (t, J= 5.8 Hz, 1H), 7.07
(t, J= 7.3 Hz, 1H). 13C-NMR (CDCl3, 400 MHz): d= 14.2,
17.7, 19.7, 25.5, 25.6, 25.37, 32.2, 36.6, 36.8, 62.0, 124.0, 131.5,Please cite this article in press as: Karama, U. et al., A facile one-p
hols. Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1141.3, 162.6. IR (tmax, thin ﬁlm) = 2963, 2920, 1724, 1631,
1450, 1262, 1094, 1046. MS (m/z) (%): 283.[M+ Na+ + 2]
(45), 281 [M+Na+] (100), 255 (35), 149 (5). HRMS calcd.
for C14H23O2ClNa: 281.1284, found: 281.1281.
3. Results and discussion
In continuation of our interest in the conversion of multi-step
reactions into economically and environmentally favored one-
pot processes (Karama et al., 2010; Kayser et al., 1997), we re-
cently described an efﬁcient one-pot procedure for the in situ
bromination-oxidation-Wittig reaction for the stereoselective
preparation of (Z)-a-bromo-a,b-unsaturated esters (Karama
et al., 2013) by using NBS as bromination reagent and
DMSO/SO3.Pyridine complex as oxidant for reactive alcohols
such as aromatic, allylic, and propargylic alcohols as well as
alkanols.
For further evaluation of the generality of this procedure
we intended to synthesize (Z)-a-chloro-a,b-unsaturated esters
and (Z)-a-iodo-a,b-unsaturated esters. As shown in Table 1,
the one-pot chlorination-oxidation-Wittig sequences for acti-
vated alcohols as well as for alkanols furnished the (Z)-a-
chloro-a,b-unsaturated esters in moderate to good yield (50–
86%) and high stereoselectivity. In all reactions, the E and Z
isomers were not separated, but the Z/E ratios were readily
determined by 1H NMR spectroscopy. The vinyl protons of
the Z isomer were down ﬁeld of the E isomer. This assignment
was conﬁrmed by NOESY experiments of the allylic alcohol
derived from the corresponding esters by DIBAL reduction.
NOE effects were observed between the oleﬁnic proton and
the methylic hydrogens of the alcohol. Unfortunately, using
the same procedure to obtain (Z)-a-iodo-a,b-unsaturated es-
ters failed, probably because they are easily deprived of hydro-
gen iodide under basic condition. Carrying out the above
procedure using PCC, PCC-NaOAc, PDC and DMP as oxi-
dant was unsuccessful.
4. Conclusion
In conclusion this article describes an efﬁcient one-pot sequen-
tial chlorination-oxidation-Wittig reaction for the synthesis of
(Z)-a-chloro-a,b-unsaturated esters from alcohols. The proce-
dure is safe, economical and provides a good green chemistry
procedure.Acknowledgements
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